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Towards an RFID Microsystem for Surgical 
Instrument Detection Using Millimeter Waves 
Abstract— Misplacement of surgical instruments inside an 
operating room is a frequent mistake that can bring unnecessary 
complications. We propose a system that can prevent these, 
through wireless communication. In this paper, we investigate the 
use of the 55-60 GHz band in the implementation of a RFID 
system that presents very interesting characteristics like 
improved security and small size. From the measurements 
already made, it’s expected the RFID system operating in the 
60 GHz ISM will work at distances, at least, up to 5 meters. 
Furthermore, it is proposed a solution to obtain a fully integrated 
system based on an on-chip antenna that could be integrated with 
an RF CMOS chip based on 65 nm CMOS technology. 
Index Terms— RFID microsystem, milimeter waves, 55 GHz, 
surgical misplacement 
, ,1752'8&7,21
0HGLFDO VSRQJHV DQG RWKHU VXUJLFDO LQVWUXPHQWV DUH
FRPPRQO\ PLVSODFHG RU PLVFRXQWHG LQ WKH LQVLGH RI DQ
RSHUDWLQJURRP25,QIDFWDVWXG\IURPWKH1DWLRQDO&HQWHU
IRU+HDOWK6WDWLVWLFVIRXQGWKDWDQHUURURIWKLVW\SHRFFXUVLQ
DERXWRQHWRHYHU\VXUJLFDOSURFHGXUHVSHUIRUPHGLQWKH
8QLWHG6WDWHVRI$PHULFDZKLFKDGVXSWRDERXWWZLFHD\HDU
LQWKHDYHUDJHKRVSLWDO>@
&XUUHQW SUDFWLFH WR DYRLG WKHVH PLVWDNHV LV WR KDQGFRXQW
WKHVXUJLFDO LQVWUXPHQWDWLRQEHIRUHDQGDIWHU WKHSURFHGXUHWR
ILQGRXWLIWKHUHDUHDQ\PLVVLQJLWHPV+RZHYHUWKLVVWUDWHJ\
FDQ SUHVHQW VHYHUDO IODZV DVVRFLDWHG ZLWK KXPDQ PLVWDNH
)LUVWO\YLVXDOVHDUFKWDNHVXSYHU\H[SHQVLYHRSHUDWLQJURRP
WLPHDQG WU\LQJ WR ILQGDPLVSODFHG LWHPFRXOGHDVLO\GLVUXSW
WKHKRVSLWDO¶VVXUJLFDOVFKHGXOH$OVRDVDIRUHPHQWLRQHGWKLV
PHWKRGRORJ\LVYHU\LQHIIHFWLYHDVHUURUVRFFXUDWDUHODWLYHO\
KLJK UDWH VLQFH VXUJLFDO REMHFWV KDYH EHHQ OHIW EHKLQG LQ
LQFLVLRQV RI DOO VL]HV GXULQJ QHDUO\ HYHU\ W\SH RI VXUJHU\ RU
LQYDVLYHSURFHGXUH7KHVHHUURUVRFFXUPRUHIUHTXHQWO\GXULQJ
VXUJHULHV WR WKH DEGRPHQ SHOYLV DQG FKHVW DVZHOO DV GXULQJ
FKLOGELUWKDQGJ\QHFRORJLFDOSURFHGXUHV>@
6HULRXV SUREOHPV FDQ KDSSHQ LI REMHFWV DUH OHIW EHKLQG
LQVLGH SDWLHQWV¶ ERGLHV DV WKH SUREOHP LV RQO\ GLVFRYHUHG
ZKHQ WKH SDWLHQW FRPSODLQV RI DQ DGYHUVH UHDFWLRQ 9LFWLPV
QRW RQO\ VXIIHU SDLQ EXW DOVR D YDULHW\ RI DGGLWLRQDO
FRQVHTXHQFHV VXFK DV LQWHUQDO EOHHGLQJ EORFNDJHV DQG
LQIHFWLRQ
$XWRPDWLFGHWHFWLRQRI WKHVH LWHPVFRXOGQRWRQO\SUHYHQW
VHULRXV LQMXULHV DQG XQQHFHVVDU\ IROORZXS SURFHGXUHV EXW
DOVR UHGXFH WKH QXPEHU RI PDOSUDFWLFH FODLPV UHODWHG WR WKH
KHDOWKVHUYLFH
6RPHVWUDWHJLHVDUHDOUHDG\XQGHULQYHVWLJDWLRQDQGHYHQRQ
WKH PDUNHW WKDW RIIHU D SRVVLEOH VROXWLRQ WR WKH SUHVHQWHG
SUREOHP OLNH Image Guided Navigation Systems IURP
Medtronic DQGBrainLAB >@. +RZHYHU WKHVH DUH H[SHQVLYH
DQGWDNHXSDORWRIURRPLQVLGHDQRSHUDWLQJURRP
,Q WKLV SDSHU ZH SURSRVH D VROXWLRQ DVVRFLDWHG ZLWK
ZLUHOHVV FRPPXQLFDWLRQ WKURXJK UDGLRIUHTXHQFLHV 7KH
RSHUDWLQJ SULQFLSOH EHKLQG D 5DGLR )UHTXHQF\ ,GHQWLILFDWLRQ
5),' V\VWHP LV IDLUO\ VLPSOH DQG H[WHQVLYHO\ XVHG LQ
FRPPHUFLDO DSSOLFDWLRQV VXFK DV VHFXULW\ DQG VXSSO\ FKDLQ
PDQDJHPHQW 7KH EDVLF WHFKQRORJ\ LV SUHVHQWHG LQ )LJXUH 
DQG LW LQFOXGHV WZR FRPSRQHQWV RQH WUDQVSRQGHU IRU HDFK
FRPSRQHQW WKDW LV WR EH LGHQWLILHG DQG D UHDGHU ZKLFK ZLOO
LQWHUSUHWWKHGDWD
)LJXUH 7KHUHDGHUDQGWUDQVSRQGHUDUHWKHWZRPDLQFRPSRQHQWVRIWKH
5),'V\VWHP7KHWUDQVSRQGHUZLOOEHSODFHGLQHDFKVXUJLFDOLQVWUXPHQW
adapted from >@.
,Q WKLV FDVH WKH UHDGHU ZLOO PRVW OLNHO\ EH D UHDG RQO\
GHYLFH7KHWDJRUWUDQVSRQGHUZLOOUHFHLYHDVLJQDOIURPWKH
UHDGHUDQGWUDQVPLWLW¶VXQLTXH,'QXPEHUEDFNWRWKHUHDGHU
7KH UHDGHUFRQWDLQVD UDGLR IUHTXHQF\PRGXOH DFRQWUROXQLW
DQG D FRXSOLQJ HOHPHQW WR WKH WUDQVSRQGHU ZKLFK UHSUHVHQWV
WKHDFWXDOdata-carrying GHYLFHRIWKH5),'V\VWHP
7KLV SDSHU LQYHVWLJDWHV WKH SRVVLELOLW\ RI XVLQJ D ZLUHOHVV
OLQN LQ WKH PLOOLPHWHU EDQG WR GHYHORS DQ 5),' V\VWHP WKDW
FDQEHVXLWDEOHWRGHWHFWDQGWUDFNVXUJLFDOWRROV
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,(((WK3RUWXJXHVH%LR(QJLQHHULQJ0HHWLQJ
3RUWR3RUWXJDO)HEUXDU\ 
7KHSDSHULVRUJDQL]HGDVIROORZVLQVHFWLRQWZRZHMXVWLI\
WKHLPSRUWDQFHRIWKHLQYHVWLJDWLRQDQGXVHRIWKH*+],60
EDQG WR FRPSOHWH WKH ZLUHOHVV OLQN EHWZHHQ FRPSRQHQWV LQ
VHFWLRQ LW¶V SUHVHQWHG D VLPSOHGHVLJQRI WKH5),' V\VWHP
DORQJ ZLWK D EULHI H[SODQDWLRQ RI WKH VWHSV LQYROYHG DQG
UHVSHFWLYH FKDOOHQJHV LQ VHFWLRQ  ZH VKRZ VRPH
H[SHULPHQWDOUHVXOWVDOUHDG\DFKLHYHGUHJDUGLQJDZLUHOHVVOLQN
DW*+]LQVHFWLRQZHVSHDNDERXWIXWXUHLPSURYHPHQWV
WRWKHV\VWHPPDLQO\UHJDUGLQJLWVPLQLDWXUL]DWLRQ
,, 5),'86,1*7+(*+=,60%$1'
5),'LQWHJUDWHGV\VWHPVZRUNLQJDW+)DQG8+)EDQGVKDYH
EHHQ ZLGHO\ LPSOHPHQWHG QDPHO\ LQ > ± @ +RZHYHU ZH
FKRVH WR LQYHVWLJDWH WKH *+] EDQG V-band GXH WR LWV
YHU\ XQLTXH FKDUDFWHULVWLFV 0LOOLPHWHU :DYH ,GHQWLILFDWLRQ
00,' XSGDWHV WKH 5),' V\VWHP WR PLOOLPHWHU ZDYHV >@
7KHUH DUH VHYHUDO DGYDQWDJHV RI 00,' RYHU 5),' OLNH WKH
ZLGHEDQGZLGWKZKLFKLVXVHIXOIRUWKHWUDQVIHURIELJDPRXQWV
RI GDWD UHDFKLQJ JLJDE\WHV 7KLV DOORZV WKH GHVLJQ RI
WUDQVSRQGHUV IRU KLJKGDWD UDWHDSSOLFDWLRQV DV VKRZQ LQ >@
+RZHYHU IRU WKLV VSHFLILFDSSOLFDWLRQZHDUHPRUH LQWHUHVWHG
LQ RQH RWKHU VLJQLILFDQW DGYDQWDJH SURYLGHG E\ WKH KLJKHU
FDUULHU IUHTXHQF\ WKHSK\VLFDO VL]HRIDQWHQQDVDWPLOOLPHWHU
ZDYHIUHTXHQFLHVEHFRPHVVRVPDOOWKDWLWEHFRPHVSUDFWLFDOWR
EXLOG FRPSOH[ DQWHQQD DUUD\V DQG IXUWKHU LQWHJUDWH WKHP RQ
chip RU3&%>@
,Q WKLV SDSHU ZH SURSRVH WR XVH 00,' VLQFH VPDOOHU
DQWHQQDV HQDEOH PLQLDWXUL]HG WUDQVSRQGHUV >@ DQG FRPSDFW
UHDGHUPRGXOHV7KLVPHDQV WKDW XOWUDVPDOO DQG OLJKWGHYLFHV
VXLWDEOHIRUVXUJLFDOWRROVDUHDOORZHGE\WKLVZDYHOHQJWK$OVR
LPSURYHGVHFXULW\FDQEHDFKLHYHGGXHWRKLJKDEVRUSWLRQ
,,, 00,'6<67(0'(6,*1
7KH EORFN GLDJUDP RI WKH V\VWHP XQGHU VWXG\ IRU GDWD
WUDQVPLVVLRQ LV SUHVHQWHG LQ )LJXUH  ,Q WKLV VHFWLRQ HYHU\
FRPSRQHQWLVGHVFULEHGZLWKGHWDLODVZHWU\WRSLQSRLQWZK\
HYHU\GHFLVLRQZDVPDGH
A. Control Unit 
,Q WKH LPSOHPHQWHG WHVW VROXWLRQ WKH FRQWURO XQLW LV D
PLFURFRQWUROOHU ,WVSXUSRVH LQ WKH WUDQVSRQGHU LV WRJHQHUDWH
WKHGHVLUHGELQDU\VHTXHQFHWKDWZLOOVHUYHDVWKHXQLTXH,'RI
HDFK RQH RI WKH VXUJLFDO WRROV 6LQFH WKLV V\VWHP GRHV QRW
UHTXLUHDKLJKGDWDUDWHLWZDVVHOHFWHGDQ$WPHJDZLWKDQ
LQWHUQDO FORFN RI  0+] DQG C ODQJXDJH ZDV XVHG IRU
SURJUDPLQJ 7KH UHDGHU¶V FRQWURO XQLW ZLOO UHDG DQG LQWHUSUHW
WKHELQDU\VHTXHQFHWKDWZDVSUHYLRXVO\VHQWE\WKHWUDQVPLWWHU
,WZLOO WHOO WKHXVHUZHDWKHUWKH,'FRUUHVSRQGVWRDQH[SHFWHG
VHTXHQFHRUQRW
B. Transmission 
$V DIRUHPHQWLRQHG WKH FRQWURO XQLW LV UHVSRQVLEOH IRU
FRGLQJWKH,'VDQGLWGRHVVRXVLQJD15=SURFHGXUHDELQDU\
RQH LV UHSUHVHQWHGDV³KLJK´DQGDELQDU\]HUR LV UHSUHVHQWHG
DV ³ORZ´ >@ :KHQ VZLWFKLQJ 21 DQG 2)) WKH RXWSXW
YROWDJHRIWKHPLFURFRQWUROOHUFDQEHGLUHFWO\XVHGDVWKHWXQH
YROWDJH RI D YROWDJHFRQWUROOHG RVFLOODWRU =;9:E\
minicircuits WR PRGXODWH WKH FDUULHU VLJQDO IRU WKH GHVLUHG
IUHTXHQF\
,QWKHPLOOLPHWHUZDYHOHYHOWKLVSURFHVVFDQEHVHHQDVDQ
IUHTXHQF\PRGXODWLRQIUHTXHQF\VKLIWNH\LQJ)6.VLQFHWKH
HQG UHVXOWZLOO EH D ELQDU\ VHTXHQFH WKDW FKDQJHV WKH FDUULHU
EHWZHHQ WZR IUHTXHQFLHVZKHQ LW VZLWFKHV21 DQG2)) WKH
9&2WXQHYROWDJH


)LJXUH %ORFNGLDJUDPRIWKHGHVLJQHGV\VWHP
,I D ELQDU\ RQH LV WR EH VHQW WKH 7; LQSXW LQWHUPHGLDWH
IUHTXHQF\IRUXSFRQYHUVLRQZLOOEHKLJKHUWKDQLIDELQDU\]HUR
LV WR EH WUDQVPLWWHG 7DEOH  LQGLFDWHV VSHFLILF PHDVXUHG
YDOXHVWKURXJKDVSHFWUXPDQDO\]HUAgilent E4404B

)LJXUH6HWXSXVHGWRLPSOHPHQWWKHOLQNDW*+]DVZHOODVWKHUHVSHFWLYHEORFNGLDJUDP&RORUFRGHVDUH
XVHGWRPDWFKWKHEORFNGLDJUDPWRWKHSLFWXUH

7KHRXWSXWIURPWKH9&2ZLOOEHWKHQXSFRQYHUWHGVRWKH
WUDQVPLVVLRQFDQRFFXUDW WKHGHVLUHGFDUULHUIUHTXHQF\,Q WKH
*+],60EDQG
7$%/(, 287387)5(48(1&<2)7+(9&2$&&25',1*72³+,*+´
$1'³/2:´9$/8(62)781(92/7$*(

C. Reception 
2EWDLQLQJ WKH GHVLUHG ELQDU\ VLJQDO DIWHU WUDQVPLVVLRQ
UHTXLUHV5)WR'&FRQYHUVLRQ7KHILUVWVWHSRI WKHSURSRVHG
GHVLJQ DIWHU DFTXLVLWLRQ RI WKH RXWSXW 5; LQWHUPHGLDWH
IUHTXHQF\LVDVHFRQGGRZQFRQYHVLRQWRDIUHTXHQF\RIDERXW
0+]7KLVZLOOIDFLOLWDWHWKHSURFHVVRIUHFWLI\LQJWKHVLJQDO
7R DFFRPSOLVK VXFK WDVN D IUHTXHQF\PL[HU LV XVHG 7KH
LQSXWVLJQDOVDUHWKHRXWSXWIURPWKHILUVWGRZQFRQYHUVLRQDQG
WKHRXWSXWIURPD9&2ZLWKDFDUHIXOO\VHOHFWHGWXQHYROWDJH
VR WKDWD VLJQDOZLWKD IUHTXHQF\GLIIHULQJRQO\0+] IURP
WKH³KLJK´IUHTXHQF\IURP7DEOHLVJHQHUDWHGDWLWVRXWSXW
7KH RXWSXW RI WKH 5) IUHTXHQF\ PL[HU =)0 IURP
minicircuitsLVDVLJQDOZKRVHIUHTXHQF\LVWKHVXEWUDFWLRQRI
WKH LQSXW VLJQDOV¶ IUHTXHQFLHV 7KHUHIRUH LI WKH VLJQDO LV
³KLJK´ WKH UHVXOWLQJ VLJQDO ZLOO KDYH D IUHTXHQF\ FORVH WR
0+]KRZHYHULILW¶V³ORZ´WKHUHVXOWLQJIUHTXHQF\ZLOOEH
PXFKKLJKHU
$IWHU DPSOLILFDWLRQ WKH VLJQDO LV UHFWLILHG DQG WKH KLJKHU
IUHTXHQFLHV DUH UHPRYHG DV D FRQVHTXHQFH RI ORZSDVV
ILOWHULQJ$'&SURSRUWLRQDO WR WKH DPSOLWXGH RI WKH ZDYH LV
WKHREWDLQHG



)LJXUH 2XWSXW5;LQWHUPHGLDWHIUHTXHQF\SRZHUIRUVHYHUDOGLIIHUHQW
URWDWLRQDQJOHV


)LJXUH 2XWSXW5;LQWHUPHGLDWHIUHTXHQF\SRZHUIRUVHYHUDOGLIIHUHQW
GLVWDQFHVEHWZHHQUHFLHYHUDQGWUDQVPLWWHU
,9 )($6,%,/,7<(;3(5,0(176
'XHWRWKHKLJKSDWKORVVDWWKHSURSRVHGIUHTXHQFLHVRQH¶V
PDLQLVVXHLV WKHSRWHQWLDOUDQJHRIWKHV\VWHP7RDVVHVV WKH
IHDVLELOLW\RIWKHSURSRVHGVROXWLRQIRU5),'DSSOLFDWLRQVWKH
Tune Voltage (V) Frequency (GHz) 
ORZ 
KLJK 
VHWXS VKRZQ LQ )LJ  ZDV XVHG WR LPSOHPHQW D OLQN LQ WKH
*+]
A. Implementation of a 58 GHz Link 
7KH VHWXS LPSOHPHQWHG WR DVVHVV V\VWHP UDQJH DQG
SHUIRUPDQFHZDVEDVHGRQWKH9EDQGFRQYHUWHUZLWK/2E\
6LYHUVLPD 7KH LQSXW ,5 ,VLJQDO IUHTXHQF\ RI  *+] ZDV
XVHGZLWKSRZHURIG%P1R,)4VLJQDOZDVXVHG
7KHXVHGWUDQVFHLYHUPRGXOHVGRQRWDOORZDGLUHFWPHDVXUH
RI WKHUHFHLYHGSRZHURQO\DW WKH,)IUHTXHQF\±*+]
EXW VLQFH DOO WKH WUDQVFHLYHU VHWWLQJV DUHNHSW FRQVWDQW GXULQJ
PHDVXUHPHQWVWKHSRZHUPHDVXUHGDWWKH,)IUHTXHQF\DWWHQG
DVDQ LQGLUHFWPHDVXUHPHQWRI WKHH[SHFWHGDWWHQXDWLRQZKHQ
XVLQJ VXFK IUHTXHQFLHV 7R REWDLQ GDWD FORVH WRZKDWZLOO EH
REWDLQHG LQ D UHDO VFHQDULR WKH PHDVXUHPHQWV ZHUH GRQH
LQVLGH WKH ODERUDWRU\ ZLWKRXW DQ\ SDUWLFXODU DWWHQWLRQ WR
PXOWLSDWKIDGLQJRUUHIOHFWLRQV
7KHJUDSKVUHSUHVHQWHGLQ)LJXUHVDQGVKRZWKHSRZHU
RI WKH RXWSXW 5; LQWHUPHGLDWH IUHTXHQF\ DW VHYHUDO GLIIHUHQW
GLVWDQFHVILJXUHDQGDQJOHVILJXUH7RWHVWWKHHIIHFWRI
WKH URWDWLRQ RI WKH GHYLFH D GLVWDQFH RI  PHWHUV ZDV IL[HG
EHWZHHQWUDQVPLWWHUDQGUHFHLYHU
:H FDQ VDIHO\ FRQFOXGH WKURXJK WKH DQDO\VLV RI WKHVH
ILJXUHV WKDW WUDQVPLVVLRQ ZDV VXFFHVVIXOO\ DFKLHYHG DW D
IUHTXHQF\ RI *+] QDPHO\ DW GLVWDQFHV XS  PHWHUV:H
FDQ DOVR FODLP WKDW WKH URWDWLRQ RI WKH GHYLFH LV LQIOXHQWLDO
DOWKRXJK WKH VLJQDO FDQ VWLOO EH GHWHFWHG ZKHQ WKHUH LV D
PLVDOLJQPHQWEHWZHHQWUDQVPLWWHUDQGUHFHLYHU
9 0,&526<67(0
$V PHQWLRQHG LQ WKH SUHYLRXV VHFWLRQV WKH PDLQ JRDO
EHKLQG RXU IRFXV LQ PLOOLPHWHU ZDYH FRPPXQLFDWLRQ LV WKH
GHYHORSPHQWRIXOWUDVPDOOGHYLFHV
$V VR WKH ILQDO V\VWHP XQGHU GHYHORSPHQW LV H[SHFWHG WR
LQFOXGH D chip LPSOHPHQWHG LQ D  QP WHFKQRORJ\ DV SHU
VXJJHVWHG LQ >@ 7KHVH DXWKRUV VXFFHVVIXOO\ GHVLJQHG DQG
LPSOHPHQWHGDQDUUD\RIGLVWULEXWHGRVFLOODWRUV IRUPLOOLPHWHU
ZDYH SKDVHG DUUD\V ZKLFK FRPELQHV /2 JHQHUDWLRQ DQG
GLVWULEXWLRQ7KHGHVLJQHGFKLSKDVDQDUHDRIPP
)LJXUH  VKRZV D UHSUHVHQWDWLRQ RI WKH SURSRVHG DQWHQQD
LQWHJUDWLRQVROXWLRQIRUWKHRQFKLSDQWHQQDDUUD\SURSRVHGLQ
>@




)LJXUH 5HSUHVHQWLRQRIWKHSURSRVHGDQWHQQDLQWHJUDWLRQVROXWLRQ>@@
9, &21&/86,216
7KH *+] ,60 LV D IUHTXHQF\ EDQG WKDW KDV VWLOO PDQ\
SRVVLELOLWLHV WR H[SORUH DQG WKDW RIIHUV VHYHUDO DGYDQWDJHV
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